" All these bones which naturally are separate and distinct from one another were here so straightly and intimately joyned, their ligaments perfectly bony and their articulations so effaced, they readily made but one uniform and continuous bone, so that it was as easie to break one of the vertebrne in two as to disjoynt or separate it from the other vertebree or the os sacrum from those of the ilia. The roots of the ribs made but one equal smooth and plain superficies with the vertebrne and their apophyses. . . . The cartilaginous edges of the vertebrne themselves were turned to perfect bone. But when I had sawed two of the vertebrm asunder at the commissure I found that this uniting did not enter above two lines deep . . . their middles were separated as they usually are, and touched each other only at their edge which was raised up a little above the middle part." Davies-Colley, Wilks, and Fagge-among other English writers-described the disease more or less fully and it is to be deplored that it has come to be associated so frequently with the names of Continental observers who described it at a later date and one of whom-Marie-coined the name "spondylose rhizom6lique," a purely descriptive term which should be abandoned in favour of a more accurate nomenclature.
Two principal types are now recognized, namely, spondylitis ankylopoietica and spondylitis osteo-arthritica, and though the latinized forms have the advantage of being identical in all languages, it will be convenient to discuss the former as ankylosing spondylitis, thus defining its outstanding characteristic. It is with this form that I wish chiefly to deal, discussing others only for the purpose of differential diagnosis.
Ankylosing spondylitis is a disease of young adults, chiefly males. Its onset is insidious, generally with slight pyrexia and some failure of general health, and stiffness of the back, steadily increasing and spreading in a centrifugal manner to the large joints. It begins most frequently in the lumbar region, but in a small proportion the cervical spine is first attacked. The sacro-iliac joints are implicated almost from the first in those cases in which it starts in the lumbar region and the DEC.-PHYs. MED. 1 Proceedings of the Royal Society of Medicine costovertebral joints are also attacked early, so that breathing becomes entirely abdominal. The hips, shoulders, sternoclavicular and mandibular joints are affected in turn. In two of my cases of spondylitis in which the wrists, hands and feet were the seat of arthritis, there was reason to think that this was due to a distinct disease process. The occipito-atlantoid and atlanto-axial joints often escape so that the power of rotating the head is retained when all other movement of the spine has been lost. The amount of pain varies, and it is sometimes absent altogether. The earliest change to be detected radiologically is rarefaction of the vertebral bodies but in a skiagram taken in a three-quarter lateral position which will show the joints of the articular processes, it will be seen that changes are present there at an early stage, the margins of the joints being ill-defined and the joint space being diminished, the process going on to complete obliteration. The appearance of the hip-joints when the disease has spread to them shows clearly that the cartilage undergoes destructive changes at an early stage.
Side by side with the rarefying process, ossification takes place in the ligaments and outer fibrous portion of the intervertebral discs, but the nucleus pulposus appears always to escape. Ossification of the anterior common ligament often occurs, but it is not a constant or distinctive feature as would appear from some descriptions. It is merely part of a process affecting all the fibrous and ligamentous structures and is most marked where there is most strain. The lumen of the spinal canal and the neural canals and foramina are not encroached upon.
As the active disease subsides, the calcium metabolism improves, and the density of the bones may return to normal. The disease may become arrested at any stage, and the early and incomplete forms are often difficult of diagnosis. The rarefaction or osteoporosis of the vertebral bodies is responsible for the curvatures which are apt to develop. The softness and fragility of the bones was first described by Hilton Fagge [2] . If the patient is kept in bed, ankylosis takes place with the spine straight, the lumbar concavity flattening somewhat, but if he gets about to any extent, all the curves tend to be exaggerated; lumbar lordosis is, however, less marked than the dorsal kyphosis, and this tends to cause hyperextension of the cervical region and head. The lumbar bodies become compressed, constricted at their middles, and spread at the upper and lower surfaces, producing a characteristic bamboo-like appearancc in the skiagram, the discs retaining their normal thickness.
The dorsal kyphosis results in a thinning of the anterior aspect of the bodies, and a compression of the discs, which tend to become lenticular, but this process is checked by the rapid extension of the ossifying process to the discs. The intervertebral joints undergo early ankylosis, with ossification of the capsular ligaments, and the joint ceases to exist. This produces a tram-like appearance in the skiagram, owing to the density of the new bone formation compared with the rarefaction of the bodies. Ossification of the interspinous ligaments in a similar way produces sometimes the appearance of a central line of greater density.
The ossification of the outer portions of the vertebral discs produces an appearance of linking together by bony bridges, but it is essential to note that these are not osteophytic outgrowths like those met with in spondylitis osteo-arthritica, but are totally different in atiology. In the latter condition the linking of the vertebral bodies, when it occurs, is due to a process of synostosis between contiguous osteophytes, but in ankylosing spondylitis, to ossification extending into existing structures. It must be emphasized that osteophytes do not occur in ankylosing spondylitis. A striking feature in many skiagrams is periosteal thickening and new bone formation, especially along the ischial and pubic rami. This is seen in other conditions of bone softening with subsequent compensatory bony changes, especially in osteitis deformans and late rickets. Its occurrence sheds some light on the pathology of the characteristic bony changes in the spine, and it is probably a process of reinforcement of the softened bones to withstand the pull of the powerful thigh muscles.
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In common with these two diseases there is an increase of phosphatase enzyme in the blood, in the acute cases, though not to a very marked extent-up to 0 *36compared with a maximum in normal individuals of 0x20 [3] . This is in contrast with atrophic and hypertrophic arthritis in neither of which has any increase been found, and the same applies to spondylitis osteo-arthritica.
Much confusion has arisen from the assumption that this form of spondylitis is identical in its pathology with infective or atrophic arthritis. There is no proof of this and I believe that the two conditions are distinct diseases. In a series of 150 cases of all grades and types of spondylitis I only found five in which the ankles, wrists, and small joints of the hands and feet were affected. Two of these presented typical evidences of ankylosing spondylitis but in one there was an interval of five years between the spinal symptoms, which had become quiescent, and the development of arthritis in the hands: in the other the patient did not complain of his back at all but defective mobility was detected on clinical examination, and radiography revealed early and typical ankylosing spondylitis. Jannsen, however, in 1903, published two cases in which complete rigidity of the spine was part of a general arthritis; he noted great fragility of the bones, no osteophytes, atnd atrophy of the joint cartilages.
A striking difference lies in the degree and nature of the ossifying process. Bony ankylosis is comparatively rare in arthritis and when it does occur, it is due to union of adjacent bones which have been denuded of their cartilages and not to ossification of the ligaments. It is likely that this rapid ossification is due to the danger to vital structures in the spinal canal from the softening of the vertebral bodies, the fibrous structures becoming converted into bone to avert this risk.
The type of spondylitis with which I have dealt is that also known as spondylose rhizom6lique and described in detail by Strumpell and Marie. The type of Bechterew is less easy to identify. Beadle [4] describes as "Bechterew's disease of the spine," a typical case of ankylosing spondylitis, stressing the absence of osteophytes, but in the only account of an autopsy given by Bechterew on one of his series of cases and quoted by Llewellyn [5], it is stated that osteophytic outgrowths were present and that the intervertebral articulations were free from disease. There was extensive meningeal disease and there were degenerative changes in both anterior and posterior nerve-roots and in the columns of Goll and Burdach.
In two of my own series, both in females, in which there were features corresponding to the type described by Bechterew, and which commenced in the cervical region, there was no osteo-porosis and they may have been syphilitic in origin, a cause which is associated with this type of spondylitis. Its seems clear that the retention of the names of these various observers can only lead to further confusion and ought to be abandoned. At the same time I think there may be a distinct form intermediate between the form already described and the osteo-arthritic type. This view is advanced by Leri [6] who describes it as marked by ossification of the discs and of the anterior common ligament and voluminous osteophytic outgrowths, marked encroachment on the intervertebral foramina but relatively little involvement of the intervertebral articulations, and he regards it as probably traumatic, terming the condition "la cyphose h6r6do-traumatique." It seems to me that it may be a form of infective non-suppurative periostitis and osteomyelitis of the spine and therefore to be classified with typhoid spine and the less common forms of spondylitis following general infections. Early cases of ankylosing spondylitis in which arrest has taken place and repair has run riot, so to speak, might easily produce similar appearances. These conditions often cause difficulty in diagnosis but generally affect only a portion of the spine, and in addition to the points I have quoted from Leri, there is no marked rarefaction. In some museum specimens figured in Llewellyn's book, there are evidences of spondylitis affecting a part of the spine only, and in which there are plates of bone uniting several bodies. Wilks [7] 15 107 described cases thus in 1858: " We find the edges of the vertebre united by a piece of bone projecting from the position of the inter-vertebral cartilage," . . . " A layer of new bone may be seen covering the whole length of dorsal and lumbar spine as if some soft liquid osseous material had been poured over them and this had subsequently hardened" which fits in perfectly with Connor's description already quoted: This may be the early stage of the condition which in skiagrams suggests the wax dropping down the side of a candle; it is seen in the ankylosing and not the osteoarthritic type.
The part played by infection in ankylosing spondylitis is not yet demonstrated but the sedimentation rate is markedly increased as in infective arthritis, while it is not abnormal in spondylitis osteo-arthritica. In a large proportion of my cases of ankylosing spondylitis the intradermal tuberculin test has been positive.
Beadle's monograph [4] on iiltervertebral discs has thrown a great deal of light on the causation of other forms of spondylitis, though it renders the task of classification more complex. There is a form of kyphosis met with in young subjects which he describes fully and which is of much importance. It is also referred to by Lawford Knaggs. Beadle considers that there may be an inborn weakness or developmental error predisposing to this condition, and Sir William Bennett described a form of stiffness of the spine which he regarded as congenital. Adolescent kyphosis affects the dorsal region, and is compensated to some extent by lumbar lordosis. A skiagram in profile shows compression of the vertebral bodies anteriorly, making them wedge-shaped, with some lipping of the margins. The discs are only slightly thinned.
Another form of kyphosis is met with as a senile change, though as Beadle points out, the earliest signs of senile degeneration are to be met with in the intervertebral discs as early as the third decade. Osteoporosis is a characteristic of the senile type which affects the dorsal spine at a higher level than the adolescent form. The anterior part of the discs becomes necrosed and disappears, the edges of the bodies come into contact and ankylosis may take place, the bodies themselves tend to become wedged-shaped and lipped.
These conditions may be associated with spondylitis osteo-arthritica, to wbich disease some writers apply the term " spondylosis deformans " to mark its essentially degenerative character, originating in degeneration of the discs-due to traumacommonly slight, but extending over many years. The characteristic feature is the formation of osteophytes to compensate for the increased strain resulting from the thinning and breaking down of the discs. They spring from the point of attachment of the ligaments, the tension upon which stimulates the periosteum to the formation of new bone. While they form all round the vertebral bodies, they tend to be largest on the right side in the dorsal region and the left in the lumbar in right-handed people, and the reverse in those who are left-handed. They may reach a large size and fuse with those on the adjoining vertebra, or may be no more than a lipping.
While such a condition may arise simply from senile degenerative changes, toxic or infective factors especially syphilis-often increase or accelerate the process. It frequently happens that a very extensive osteophyte formation has taken place before there are any symptoms, which arise as a result of some strain or accident. While there is some degree of stiffness, there is nothing approaching the extreme degree met with in ankylosing spondylitis, nor is deformity a marked feature.
Healed or quiescent tuberculosis of the vertebra may present an appearance which it is easy to confuse with other forms of spondylitis. It is not uncommon for several vertebrse to be affected and to present an appearance resembling the osteoarthritic form. Jones and Levett lay stress upon the perivertebral shadow seen in antero-posterior views; but in old cases this may be absent or difficult to identify.
They also point out that an irregularity of the anterior edge or corner of the bodies as seen in the profile skiagram is characteristic. The intervertebral discs undergo Section of Physical Medictne disintegration and disappear, leaving the eroded edges of the bodies in contact ; fusion takes place frequently. In the lumbar region especially there may be an osteoplastic periostitis linking the bodies together, which may in turn be invaded by the disease Other infective processe3, such as enteric fever, may set up an infective osteomyelitis which may be suppurative or non-suppurative. In the latter case, with subsidence of acute symptoms the appearance may be confused with spondylitis osteo-arthritica, adjacent bodies may fuse together and osteophytes be thrown out to strengthen the weak part.
Ankylosing Spondylitis. Treatment.-The first consideration in the acute stage is to prevent deformity and this can best be obtained by rest in bed. It commonly happens, however, that the patient does not seek treatment until some damage has been done, and postural and exercise treatment is called for. The objects are:
(1) To hyper-extend the spine.
(2) To mobilize the thorax.
(3) To mobilize the hips and shoulders. (4) To regain the movements of the head, especially rotation.
(5) To improve posture.
In the active stage of the disease the patient is kept lying in a plaster shell with the spine in slight extension, and respiratory exercises are given in this position. A new plaster shell with increased hyper-extension is usually required about once in three weeks. In old cases, with deformity and no active disease, a hyper-extension shell is used at night, and a spinal support is worn by day. Hyper-extension and breathing exercises are carried out while the patient is wearing a broad firm belt to discourage abdominal movement and further those of the thorax.
Heat is employed to relieve pain and muscle spasm. I prefer infra-red rays, but the leucodescent lamp is also useful, and I also expose the whole body to ultraviolet irradiation to improve calcium metabolism. Immersion baths with hot douching to the spine and affected joints are useful, and when the active stage has subsided, massage to the muscles-but not to the joints-is desirable. Under this regime the spine becomes straighter, though it does not regain its mobility; the tracings demonstrate this.
Chest mobility improves considerably if the costovertebral joints have not become completely ankylosed, and must be checked by periodic measurements. Rotation of the head improves greatly, but lateral movements are slight. There is often a considerable increase in the range of movement of the hips and shoulders.
Pain is markedly diminished by this treatment, but unless a support is worn recurrence of the kyphosis is likely. The chest remains mobile so long as the breathing exercises are continued.
Of diathermy and deep X-ray therapy in this disease I have no practical experience, but I do not know of any other methods likely to be of service, and would utter a serious warning against manipulation. Surgical intervention may be required to remedy ankylosis of the hips, but does not strictly come under the heading of treatment by physical methods.
Spondylitis Osteo-arthritica.
Treatment for this condition is not required unless symptoms appear. Often a patient is alarmed by a diagnosis of spondylitis where he might be reassured by a simple explanation of its nature if of this type.
Deformity is rarely sufficient to call for treatment, but compensatory exercises will be useful, if not too strenuous. Douche massage, and active exercises in deep immersion baths, combined with douching, are the most useful hydrological measures.
Radiant beat and infra-red rays will help in the relief of pain and, with diathermy, will be useful to improve the circulation, which is a contributory factor in osteoarthritis.
With the treatment of the other forms of spondylitis I need not deal, since the same general principles will apply.
